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* 

INTRODUCTION 

I n  March 1966, t h e  P i t t s b u r g h  Coal Research Center of the Bureau 

o f  Mines, a t  t h e  sugges t ion  o f  E. Cohn o f  t h e  Nat iona l  Aeronautics 

and Space Adminis t ra t ion  and funded by this o rgan iza t ion ,  i n i t i a t e d  

a s tudy  of  t he  i n t e r s t i t i a l  compounds of  the  t r a n s i t i o n  me ta l s  a s  

f u e l  c e l l  c a t a l y s t s .  The i n t e r e s t  i n  t h e  work was genera ted  by a 

p re l imina ry  obse rva t ion  a t  Tyco L a b o r a t o r i e s ,  Inc . ,  of Waltham, Msss., 

t h e t  t h e  i n t e r s t i t i a l  c a r b i d e  X-FeZC i s  a n  a c t i v e  c a t a l y s t  f o r  t h e  

e l ec t rochemica l  reduct ion  of oxygen. 

program w a s  to prepa re  ca thode  c a t a l y s t s  f o r  a l k a l i n e  hydrogen-oxygen 

f u e l  cells  ope ra t ing  a t  low tempera tures ;  the  ca thod ic  a c t i v i t y  of  

t h e s e  p repa ra t ions  was t o  be determined by Tyco Labora tor ies .  The 

scope of the p r o j e c t  was l a t e r  en larged  by coopera t ive  arrangement 

The Bureau‘s p a r t  i n  th i s  

w i t h  t e n  o t h e r  l a b o r a t o r i e s  engaged in f u e l  c e l l  work. 

were made a v a i l a b l e  t o  them f o r  bo th  ca thod ic  and anodic  a c t i v i t y  tests 

i n  a v a r i e t y  of system. 

l a b o r a t o r i e s  a r e  p re sen ted  i n  t h i s  paper. 

The m a t e r i a l s  

The r e s u l t s  ob ta ined  i n  two of these  

The c a r b i d e s  of  Fe have  been prepared by t h e  a c t i o n  CO, COt€iz, o r  

1 hydrocarbons on Fe (1.2.2) . Vhec CO+iI? is emplcyed, Fe i s  i n  e f f e c t  

‘ I  

I 

ca rbur i zed  wi th  a mix tu re  of CO and hydrocarbons,  s i n c e  CO reacts wi th  

1 
Underlined numbers in paren theses  r e f e r  t o  items i n  t h e  list of 
r e f c r c n c c s  a t  th.2 t c d  cf t h i s  rqxst. 
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H2 t o  form hydrocarbons i n  t h e  presence  of reduced Fe (Fischer-Tropsch 

s y n t h e s i s ) .  Hydrocarbons a lone  do not l ead  t o  complete ca rb id ing  (J), 

and CO a lone  tends  t o  d e p o s l t  unacceptab le  anounts of  f r e e  carbon. The 

a c t i o n  of .CO on Fe i s  very  exothermic and t h e r e  i s  a s t rong  tendency 

f o r  t h e  Fe t o  become overheated. Reaction tempcrature should be 

c a r e f u l l y  c o n t r o l l e d  below t h a t  a t  which t h e  des i r ed  ca rb ide  decomposes. 

H2 i n  t h e  reacti.ng gas he lps  remove t h e  excess  hent  and minimizes t h e  

amount of f r e a  carbon i n  t h e  product.  

Ci2C i s  prepared by t h e  a c t i o n  of CO on Co (A) and Nr3C by t h e  

a c t i o n  o f  CO on N i  (5) a t  25O*-28OcC. 

i s  accompanied by d e p o s i t i o n  of  f r e e  carbon,  and the  h igher  t h e  

r e a c t i o n  tempera ture ,  t h e  g r e a t e r  t he  p rcpor t ion  of f r e e  carbon. 

Some f e a t u r e s  of t h e  k i n e t i c s  o f  t he  r e a c t i o n  oi CO u i t h  Ni. a r e  

presented  i n  Fig.  1 from t h e  published r e s u l t s  of Ejrraud (6). A 

f ixed  weight of  reduced Ni’was ca rbur i zed  wi th  CO a t  d i f f e r e n t  

temperatures.  Below 25OoC, t he  r a t e  of  formation of  Ni3C was .very 

slow bu t  t h e  product  vas s u b s t a n t i a l l y  f r e e  from depos i ted  carbon, 

A t  285%,  t h e  r e a c t i o n  was complcte i n  about 30 hours ,  bu t  Si$ vas  

contaminated wi th  f r e e  carbon. .’.t t empera tures  above 3OO0C, l a r g e  

q u a n t i t i e s  o f  f r e e  carbon were - ; , )s i ted.  

I n  both  c a s e s ,  cs.rbide f o m z t i o n  

As with Fe ,  t he  r e a c t i o n s  .”; v i t h  Co acd Ni a r e  s t r o n g l y  

exothermic. However, Rp can  r. cmployed t o  d i l u t e  CO i n  

c a r b u r i z i c g  Co and Wi; Co2C ati ~ ,, can  n o t  be prepared under 

cond i t ions  of F i sche r  -Tropsch : e s i s .  The c o n t r a s t  i n  t h i s  

r e s p e c t  w i t h  Fe may be noted. 
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The n i t r i d e s  o f  Fe, C o ,  and N i  a re  prepared by r e a c t i n g  t h e  aetals  

vi th  NH3. The phase diagram f o r  t h e  n i t r i d e s  of  Fe i s  shown i n  F ig .  2 (7); 

i t  shows t h e  phases t h a t  are  i n  e q u i l i b r i u m  w i t h  K2 a t  .:'ne p r e s s u r e s  

corresponding t o  t h e  d i s s o c i a t i o n  of NH3. 

extended r a n g e  of e s i s c e n c e .  With thc  except ion  of  the y-phase, t h e  

various n i t r i d e s  of Fe may a l l  be p r e p r e d  a t  about  35G°C, t h e  coixpo- 

s i t i o n  o f  t h e  product  depending on the space v e l o c i t y  of XH3 and t h e  

d u r a t i o n  of n i t r i d t n g .  

prepared  by t h e  a c t i o n  o f  NH3 on t h e  metals b u t  t h e i r  p r e p a r a t i o n  

appears  t o  b e  a t t e n d e d  by unusual  d i f f i c u l t i e s  (E). Tenpera tures  PO 

h i g h e r  than 35OoC and h i g h  space v e l o c i t i e s  o f  Nil3 a r e  recommended. 

Even so ,  t h e  r e p o r t e d  s u c c e s s e s  i n  t h e  p r e p a r a t i o n  o f  thcse  n i t r i d e s  

have only  been i n  terms o f  " m i l l i g r a m "  o r  "cp to  a gram" q u a n t i t i e s .  

€-FeYN-Se2X has t h e  n3st 

The n i t r i d e s  o f  Co and NL a l s o  have been 

PREPARATION OF INTERSTITLIL comoums 

The scheme f o r  p r e p a r i n g  t h e  i n t e r s t i t i a l  compounds of  Fe ,  Co,  

and N i  is shown i n  F i g .  3. The f i r s t  s t e p  c o n s i s t s  o f  p repar ing  f i n e l y  

d i v i d e d  metals and m i x t u r e s  of  metals,  or a l l o y s .  

formation o f  c a r b i d e s  and n i t r i d e s  by g a s - s o l i d  r e a c t i o n s  f a i l s  o f f  

as  s u c c e s s i v e  l a y e r s  o f  t h e  products  i n c r e a s i n g l y  o b s t r u c t  t h e  a c c e s s  

of  t h e  r e a c t i n g  gas  t o  metal s u b s t r a t e s ,  i t  i s  i n p o r t a n t  t o  s t a r t  wi th  

S i c c e  t h e  ra te  o f  
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f i n e  powders of, me ta l s .  

t e s t e d  a s  con tac t  c a t a l y s t s  w!iere l a r g e  s p e c i f i c  s u r f a c e  a r e a s  a r c  o f  

Also, t h e  p repa rz t ions  were in tended  t o . b c  

obvious advantage.  The d i f f e r e n t  methods employed f o r  p repa r ing  f i n e l y  

d iv ided  me ta l s  a r e  ind ica t ed  i n  t h e  scheme. 

The gas - so l id  r e a c t i o n s  were c a r r i e d  o u t  i n  h o r i z o n t a l  vycor 

tubes  of 1-inch d iameter  shown i n  Fig.  4. The tubes  were f i t t e d  with 

m e t a l l i c  end p i eces  which had p rov i s ions  f o r  gas  i n l e t  and o u t l e t .  

F i f t y  t o  one hundred grams of s o l i d s  were processed a t  a t i m e .  

Separa te  thermocouples monitored t h e  tempera ture  of the f r o n t  end, t he  

middle,  and t h e  r e a r  of  t h e  powder beds. 

t h e  appara tus  which included fu rnaces ,  thermoregula tors ,  g a s  flow 

meters, s a f e t y  v a l v e s , d  a12-po in t  r eco rde r  f o r  t h e  thermocouples. 

Reac t ions  were c a r r i e d  ou t  a t  atmospheric p re s su re .  The leached 

F ig .  5 i s  a photograph of  

Raney meta ls  were t r e a t e d  wi th  hydrogen a t  45OoC f o r  10-20 hours  a t  

an hour ly  space v e l o c i t y  of  1,000-2,500 be fo re  c a r b i d i n g  o r  n i t r i d i n g .  

The hydroxides were gene ra l ly  reduced i n  s i t u .  

The experimental  cond i t ions  employed i n  t h e  p r e p a r a t i o n  o f  t h e  

ca rb ides  a r e  presented  i n  Table 1. 

t o  coo l  down t o  a t  l e a s t  16OoC b e f o r e  CO o r  C W 2  was in t roduced .  

pure  CO was employed as the  c a r h r i z i n g  agen t ,  t h e  concen t r a t ion  of  CO 

i n  t h e  e x i t  gas  was monitored by a d i f f e r e n t i a l  type  i n f r a r e d  d e t e c t o r .  

Reduced me ta l s  were always allowed 

When 
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When the c o n c e n t r a t i o n  o f  CO i n  e x i r  g a s  f e l l  below 60 p e r c e n t ,  power 

supply  t o  t h e  fu rnace  was c u t  o f f  by a n  automated arrangement. Higher 

03 convers ions  is conducive t o  run away t 'emperatures and excess carbon 

depos i t ion .  The tempera ture  o f  t h e  powder bed was r a i s e d  slowly 

and i n  s teps .  S e v e r a l  hours  were u s u a l l y  allowed f o r  t he  temperature 

t o  come up to  the f i n a l  l e v e l  ( see  columns 4 arid 5 i n  Table 1). With 

Co and Ni, the tendency f o r  sudden overhea t ing  appears  a t  about 180'- 

22OoC i n  t h e  presence  of  CO. Since  t h e  c a r b u r i z a t i o n  of Co o r  Ni does 

1 
A 

n o t  o r d i n a r i l y  proceed a t  measurable rates a t  temperatures below 250°C, 

t h e  lower t h p e r a t u r e  r e p r e s e n t s  t he  p c i n t  of  onse t  of  ca rb id ing  of  

t h e  a c t i v e  s p o t s  on t h e  metal powders. Column 6 ,  Table 1, g ives  t h e  

r e s u l t s  of q u a l i t a t i v e  x- ray  a n a l y s i s  of  the carbur ized  materials. 

I 

The major d e t e c t a b l e  phase  is l i s t e d  f i r s t .  The f ind ings  were f u r t h e r  

checked by chemical a n a l y s i s  of  t h e  products  f o r  carbon. 

depos i t i on  of some f r e e  carbon i s  unavoidable,  t h e  combked o r  c a r b i d i c  

carbon m u s t  be  d i s t i n g u i s h e d  from t h e  f r e e  carbon. In p r a c t i c e ,  i t  i s  

simpler to de te rmine  t h e  t o t a l  carbon and t h e  f r e e  carbon, and t o  

compute the combined carbon by d i f f e r e n c e .  T o t a l  carbon was determined 

by i g n i t i n g  samples i.n excess  02 and scrubbing CO2 from t h e  stream of 

combustion gases  i n  towers packed wi th  a s c a r i t e .  

b e f o r e  aad a f t e r  the abso rp t ion  o f  CO2. 

as follows: 

As concomitant 

I 

The towers were weighed 

The f r e e  carbon was determined 

Samples kerr3 d igcs tLd iu diluLc (1:3) !IC1 a~ 
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60°-800C f o r  f hour t o  d r i v e  o f f  c a r b i d i c  carbon as gaseous hydrocarbons. 

F r e e  carbon i s  not. a f f e c t e d  by d i g e s t i o n  wi th  d i l u t e  HC1. The insolublo,s 

were f i l t e r e d  on a porous c r u c i b l e ,  washed with h o t  water, and d r i ad  a t  

105°C. 

excess  02. As befo re ,  C02 was scrubbed i n  a s c a r i t e  towers .  

f o r  t o t a l  carbon and f r e e  carbon are g iven  i n  columns 7 and 8 ,  Table 1. 

The c r u c i b l e  was t h e n  p laced  i n  a cube furnace  and i g n i t e d  i n  
> 

The resu lks  

The experimental  cond i t ions  employed f o r  prepar ing  t h e  va r ious  

n i t r i d e s  of  Fe a r e  g iven  i n  Table  2. 

with H2 a t  45OoC befo re  t rea tment  w i th  NH3. 

f o r . n i t r o g e n  hy t he  Kje ldahl  method. 

t r e a t e d  wi th  NH3, only  Fe was n i t r i d e d .  

of Co and N i  were f r u i t l e s s .  

Samples of Baney Fe  were reduced ,  

The products  were analyzed 

When mix tu res  of  Fe and kg were 

A l l  e f f o r t s  t o  p repa re  n i t r i d e s  

The experimental  c o n d i t i o n s  employed f o r  t h e  preparac ion  of 

n i t r o c a r b i d e s  and c a r b o n i t r i d e s  are g iven  i n  Tables  3 and 4,  respec-  

t i v e l y  . 
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E l e c t r o c a t a l y t i c  A c t i v i t y  of  t h e  I n t e r s t i t i t a l  Compounds 
' 

As t h e  i n t e r s t i t i a l  compounds of Tables  1-4 are pyrophoric,  t he  

p repa ra t ions  were sub jec t ed  t o  a process  of  "induction" b e f o r e  e l e c t r o -  

chemical i n v e s t i g a t i o n .  Induc t ion  of a pb-rophoric powder e s s e n t i a l l y  

c o n s i s t s  of  ox id i z ing  t h e  s u r f a c e  l aye r  of i t s  p a r t i c l e s  by exposing 

t h e  powder t o  m i l d l y  o x i d i z i n g  Condi t ions ;  t h e  oxide  l a y e r  then  provides  

a p r o t e c t i v e  c o a t i n g  for t h e  s o l i d  a g a i n s t  f u r t h e r  a t t a c k  by oxygen. 

When pyrophoric powders are o r d i n a r i l y  exposed t o  a i r ,  the cond i t ions  

a r e  too  d r a s t i c  f o r  the o x i d a t i o n  t o  s t o p  a t  t h e  s u r f a c e  layer .  The 

powders are inducted by success ive  t rea tment  wi th  a series of s o l v e n t s  

of i nc reas ing  s o l u b i l i t y  f o r  02. The powders so t r e a t e d  were found t o  

deve lop  f a r  less h e a t  on  subsequent exposure t o  a i r  and t h e  e l e c t r o d e s  

prepared  from them gave r ep roduc ib le  r e s u l t s .  

2 

The c a t a l y t i c  a c t i v i t y  of t h e  i n t e r s t i t i a l  compounds were t e s t e d  

in t h e  r educ t ion  of 02 i n  KDH con ta in ing  N2H4, and i n  t h e  ox ida t ion  of 

MI3 i n  30 pe rcen t  KOH. 
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2 
(1) ileduction of 02 i n  W H  containln:  N7H4 at room tcinpcrature 

The i n t e r s t i t i a l  compounds were homogenized by g r i n d i n g ,  and 

s i e v i n g  through a 325-mesh screen  i n  a d r y  box f i l l e d  with n i t rogen .  

The powders were covered with petroleum ether and then brought  ou t  i n  

t h e  open, where they were inducced with d i e t h y l  ether,  ace tone ,  and 

e t h a n o l .  0 .1  gram samples of t h e  inducted m a t e r i a l s  were waterproofed 

wi th  a t e f l o n  emulsion,  cured a t  200'C i n  N 2 ,  mixed wi th  e q u a l  weighcs 

of waterproofed g r a p h i t e ,  and packed i n  t h e  sanple  h o l d e r  shown i n  

F i g .  6. The e l e c t r o l y t e  c o n s i s t e d  of 10 m l .  of 1 2  M WH conta in ing  

0.2 n i l .  of 60 percent  N2H;. For a c t i v i t y  measurement, t h e  e l e c t r o d e s  

were p o l a r i z e d  a g a i n s t  a n  i n e r t  n i c k e i  sc reen  a t  10 amp/ft2 f o r  15 

minutes ,  then  a t  20, 30, and 40 amp/f t2  f o r  5 minute p e r i o d s ,  and 

f i n a l l y  a g a i n  a t  10 amp/f t2  f o r  5 minutes .  

n e n t s  were made with a Kordesch-Marko Br idge ,  2 'rIg/HgO e l e c t r o d e  s e r v i n g  

as the r e f e r e n c e  e l e c t r o d e .  The average v a l u e s  of t h e  p o t e n t i a l s  are  

p l o t t e d  a g a i n s t  t h e  apparent  c u r r e n t  d e n s i t i e s  i n  F i g .  7 .  It w i l l  b e  

seen t h a t  1 7 N ,  3CN, and 1NC are about as a c t i v e  as Pt-black.  Dupl ica te  

experiments  gave reproducib le  r e s u l t s .  

The p o l a r i z a t i o n  m e ~ s u r ~ -  

2 
T h i s  p o r t i o n  o f  the  work was don- ir, the  l a b o r l t o r i e s  of t h e  Un lon  
Carbide Corpora t ioa ,  Furli C e l l  Pepartment ,  P a m a ,  Ohio, under :he 
superv is ion  o f  Cr. G.E. Ex-ans. 



64 

3 
(2)  Oxidation of NHs i n  30 pe rcen t  KOH a t  25OC - 

Afte r  i n d u c t i o n  wi th  heptane ,  ace tone ,  methanol, and wa te r ,  

28.3 mg of each d r i e d  m a t e r i a l  was mixed wi th  an aqueous emulsion of  

5 mg.PTFE and t h e  m i x t u r e  was spread on a 1.5 cn x 1.5 cm platinum 

sc reen .  The sc reen ,  w i th  the  spread. was d r i e d  i n  vacuum a t  85% fo r  

h a l f  an hour and then pressed  a t  100 p s i  f o r  2 minutes a t  250OC. 

Anodic a c t i v i t i e s  and c o r r o s i o n  c u r r e n t s  were determined p o t e n t i o -  

s t a t i c a l l y  by a f l o a t i n g  e l e c t r o d e  technique .  A dynamic hydrogen 

e l e c t r o d e  (9) was employed a s  t h e  r e fe rence  e l ec t rode  and co r ros ion  

c u r r e n t s  were’n:easured i n  N2. The p o t e n t i o s t a t  was programmed f o r  

cont inuous  scanning from 0 v t o  1 . 2  v and the cu r ren t -vo l t age  curves  

were traced d i r e c t l y  on a n  x-y r eco rde r .  

c o r r o s i o n  c u r r e n t  of more than 1 ma, t h e  e l e c t r o d e  material was 

cons idered  incompat ib le  with t h e  e l e c t r o l y t e .  To compare t h e  

I f  an  e l e c t r o d e  gave a 

a c t i v i t i e s  p e r  u n i t  area of  t h e  v a r i o u s  p r e p a r a t i o n s ,  t he  e l e c t r o -  

chemica l ly  e f f e c t i v e  a r e a  of each e l e c t r o d e  was determined by a double 

l a y e r  capac i tance  method (10). The va lues  o f  equ i l ib r ium p o t e n t i a l ,  

exchange c u r r e n t ,  and T a f e l  s lope  were computed g r a p h i c a l l y  from t h e  

c u r r e n t - p o t e n t i a l  d a t a .  I-R c o r r e c t i o n s  were ignored s i n c e  t h e  c u r r e n t s  

were small .  The r e s u l t s  are presented  i n  Table  5. 
1 

r 

3 
This p a r t  o f  t h e  work was done i n  t h e  l a b o r a t o r i e s  of t he  C a t a l y s t  
Research Corpora t ion ,  Bal t imore ,  XC;. The p r i n c i p a l  i nvesL iga to r s  
were H.J. Goldsmith,  J . R .  Moser, and T. Ucbb. 
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Five  of t h e  fou r t een  i n t e r s t i t i a l  p repa ra t ions  t e s t ed  corroded 

v i s i b l y  on a d d i t i o n  of  NH3 t o  t h e  e l e c t r o l y t e .  The  s t a b l e  e l e c t r o d e s  

gave h a l f - c e l l  p o t e n t i a l s  of 0.54 v-0.56 v compared t o  0.58 v f o r  P t ,  

and Ta fe l  s lopes  of about 0.12 v compared t o  0.04  v f o r  P t .  The 

h a l f - c e l l  p o t e n t i a l s  and Ta fe l  s l o p e s  f o r  t h e  uns t ab le  m a t e r i a l s  were 

widely s c a t t e r e d .  

Oswin and Salonon (11) have suggested a fou r - s t ep  mechanism f o r  

t he  anodic ox ida t ion  o f  NH3. Thei r  scheme and t h e i r  c a l c u l a t e d  va lues  

fo r  t h e  T a f e l  slopes of  t h e  in te rmedia te  s t e p s  are 

(1) 

(2) M-NX2 + OH- 

NH3 + M + OH- 

(3j M=NH + OH- 

( 4 )  M% 

+ M-NH2 + H20 + e -  

+ M 4 H  -t H20 + e -  

+ M a  -+ H20 -+ e- 

+ 2 M . t N Z  

as fo l lows:  

Ca lcu l a  t ed 
TaZel slope. v 

0.118 

0.039 

0.024 

0.010 ( o r  m 

a t  high c u r r e n t  
d e n s i t i e s )  

A comparison o f  t h e  experimental  va lues  of the  Ta fe l  s lope  wi th  t h e  

c a l c u l a t e d  va lues  i n d i c a t c s  t h a t  on P t  t h e  ra te -de termining  s t e p  for  t h e  

ox ida t ion  c f  NH3 i s  r e a c t i o n  (2),  bl;t an t h e  s t a b l e  c a t a l y s t s  of Table 

5 ,  t h e  ra te -de termining  s t e p  f o r  t he  ox ida t ion  of  NH3 i s  r e a c t i o n  (1). 
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From a p r a c t i c a l  p o i n t  of view, t h e  anodic a c t i v i t i e s  of t he  

n i n e  s t a b l e  c a t a l y s t s  a s  measured by t h e  exchange c u r r e n t  per  u n i t  

vc igh t  of c a t a l y s t s  were d i sappo in t ing ly  low. However, i t  may be 

noted t h a t  t he  i n t r i n s i c  a c t i v i t y  of some of t h e  m a t e r i a l s ,  a s  measured 

by t he  a c t i v i t y  pe r  u n i t  o f  s u r f a c e  a r e a ,  i s  s u r p r i s i n g l y  h igh .  I f  

methods f o r  p repa r ing  i n t e r s t i t i a l  compounds o f  s p e c i f i c  su r face  a r e a s  

comparable t o  s p e c i f i c  s u r f a c e  area of P t -b l ack  could be developed, 

t h e  i n t e r s t i t i a l  compounds may provide  f u e l  c e l l  c a t a l y s t s  of p r a c t i c a l  

va lue .  

the p r e s e n t  i n v e s t i g a t i o n  were fou r  o r d e r s  of magnitude sma l l e r  than 

t h e  s p e c i f i c  s u r f a c e  a r e a  of P t -b lack .  

The s p e c i f i c  s u r f a c e  a r e a s  of t h e  i n t e r s t i t i a l  p repa ra t ions  o f  

CONCLUSIONS 

I n t e r s t i t i a l  c a r b i d e s ,  n i t r i d e s ,  n i t r o c a r b i d c s ,  and c a r b o n i t r i d e s  

of  Fe a r e  a c t i v e  i n  t h e  r educ t ion  of 02 i n  KOH con ta in ing  N2H4 a t  room 

temperature.  The a c t i v i t y  of some of t h e s e  p repa ra t ions  is  comparable 

t o  t h a t  of P t -b lack .  F u r t h e r  i n v e s t i g a t i o n  of t h e s e  compounds with 

p ro to type  f u e l  cel ls  appea r s  t o  be d e s i r a b l e .  

None of  t h e  p repa ra t ions  t e s t e d  showed any promise as anode 

c a t a l y s t s  i n  t h e  o x i d a t i o n  of  hW3 in KOH. 

i 

' I  
I 

I 
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TABLE 5.-  Osidat ion of hY3&3@”i. KQH a t  25°C 

Tafe l  Equi 1 i b r  iuw. 
s lope ,  p o t e n t i a l ,  Exchange cur ren t  Ca ta 1 y s t 

(cmposi  t i o n )  male. p:a/cm2 V v 
., 

Pt 883 4.24 0.04 0.58 

21.6 0.04 0.22 33c* 106 
( C O ~ C ,  a-co) 

43c 60.1 4.40 0.09 0.68 
(carbided 1 N i  -Ug) 

42.4 10.5 0.08 0.24 

2SNC* 28.3 0.968 0.10 0.32 
(nctrocarbidcd 1Ni-1Co) 

2 7C* 14.1 2.0 0.12 0.26 
(carbided 3Ni-1Co) 

3.54 107 ’ 0.17 0.55 

15NC 3.53 0.507 0.23 0.56 
(ni t rocarbided 3Ni- 1Co) 

21N 3.15 42.6 0.12 0.56 
(Y’ -Fe4N, e-Fe3N-Fe2N) 

6 1C 2.80 7.0 0.11 0.54 
(carbided 3Ni-1Co) 

18N 2.47 29.9 0.12 0.56 
(C-FezN, C-Fc3N-Fe2lr‘. Y ’  -Fe4N) 

2oN 1.66 23.2 0.13 0.56 
(&-Fe2N, €-Fe3N-FezN, Y’ -FekN) 

1NC 1.37 14.3 0.12 0.54 
[c-FeX-Fe2X(C,Pi), Fe304J 

5cN 1.13 20.7 0.26 0.55 
[€-Fe3X-Fe*X(C,N) 

4CN 0.99 6.45 0.11 0.56 
i€-Fe3X-Fe2X(C,!;) f 

::The c a t a l y s t s  narked u i t h  an a s t e r i s k  dissolved i r ?  the e l e c t r o l y t e  t h e n  
MI 3 ~3 s 2dJ ed . 
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Figure 1.- Carburization of Ni with CO a t  different temperatures. 
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Hole threoded for 3 / 8 " o d  Ni tube 
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Cross section 
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Figure 6 . -  Test cell. 
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